-A X*!!. ^ 


VIBRATION AND BUCKLING OF GENERALLY 

ORTHOTROPIC PLATES 


A thesis submitted 

in partial fulfilment of the Requirements 
for the Degree of 

MASTER OF TECHNOLOGY 



I*' \ /" 


By 

D. AMRIT SWARUP 


-X/' 


1 POST GRAl.-'CA'i'C OFFICE 
Tliis diesis in; i/ 
for ihe ^ 

Mjsl:,' >C F ■ . > ;/ (-'i' 

ill acLo: , ^ . .1 !ae 

re^^ii i ^ ii i ■ > ■ s wi.. L 1 a 1 s j.lLxn 

Institute ol rec.vuology 


TH , / 

PIE'// 5 70/ 

-? SvA- 


p\E- 13^0- ^A- SWA- \1IT 


to the ' ■ /: 

DEPARTMENT OF MECHANICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY KANPUR 

OCTOBER, 1970 


G'x f ■'i 

<vr 2 r 





I'i' OFFICE 


ii 




'post GRADUA'C 

This ihesis lias ap 

'■ i'- ( I Ji'* '’i'F'C'-i' ■ ' ■ 

MasiCi- <). . — ^ 

i« acciii'-I us 111- ^ 

regulatio'i'^ 

Institute of rceh.otogy 
Dated. 



CSVIFISP ttet tMii 1131% imt Imh mwM 'tecti 


fm ft 


‘r..- 

cj)r» f • $mmmjm 



mmmmmmmt 


tm mtb(s» Mm mwm of to 

I3v» ?* iitiio» ulieNio guiteMii Ui$m mifk 

Mm iMMtM pMmm ooMtant oomMiMip* 
aoixi aiaO tiiojM ot Mmwp otoft tui^ ooiiljllmtoi 

to vm pmmm%$m of tiiis 

m «mM till# t# loitooi Mm tlmulco to ar* lt«c* Mm 
mai £»# A*?t mMXm^ of tm ctiH. %iio«oiliif mpmMmM fm ' 

tltoljf |iot r|i yiifit fudfiif# iB ytuftt ut ftecioi mum Mmm #ii# 

to ttio otailf tuo oowp^ir oontvo of X«I#f « Htum fov 

VmMm iiiinmifiiii wi'fiiliiH'niii 




I'liLii 


riBtn nitU 


iMOtiiy ar «>la wMBopO 

ti %%'>»««»• 


APRSWX 'A* T^fA-** CaaMBBtA twe Alwta 


mmmx. •■* mmM* wmtm 

MPnmDt > 0 * tMOM 


ambbox •»* fianaa 


iiyiiiii 




mm m mmm 


B« M0gm%M @f dmm 

' £ii> ani clMp^ %»mi 

III) CUmp&^^tfm ami immm 

C<i) wmm*€3m ami mpmttM. Mam 

9« lte^lRi#»tal fmqmmi^ 9^ Bpm$/klly iSii 

jpiatim* ' 

4« lattifml Mmmaaaitt of gtaaiaXIir MBB 

i» Mixml mmwtiMf 

HlAi# iftili wniMxiBt $^pmm 2iia4t* 

6« HfttuMl fmtpiaatloa of fajs^fidPi^ ofite%i0|4o fiatoi : 

I B) cm ' I 

k) cmm iiiato . i 

ii| iiw lin'i# 

m ©I8F aialo . ' ' 

#) CW§f vMm ' ' ' 

‘ , ■ ■ f 

of ipi«g|ftil^ oMiotxo^ l^too lilii I 

i* of ofootoil^ »ttol4miflo inllliifot i^toi# | 

i» BKidtiAt iM4i d -gtmmii^ mmMmpic smB i^ioo* . . | 

' ' ■ ' ' ' ■ ' ' '". I 

M» wmmZ omft mtam MCktim looit or opowniil^ I 

®iwi ifoim . ; 

' ii 

UU mrnm ^ia/mt$Me iiooi# of oowfoui^ ovii»ii«t^o tm .ipimwo j 
m* mMim ot ftwiMiif i^Motioiiio psottif «d%ti 

W' fJiPS-J IWPPJliW’; . ■•IfW^llOPv -'ll? i'.lfl'liO!IWP]l ' " I Oif . jgw--' '•PWI. l'?fi.SWJ|f}fp..i,^pp[- . . \i 

inffliliof looii Of i^oioiif mmmmffiM i^Mto* I 


mr.m fmm 


I.* 

'0.f 

4k# 

it 

it 

7§ 

m 

•» 


fluti Qmam^ 

musmi ^ f®ii®f«3l3r 

iMi 

isii plMWB» 


tamsm Una and flwxt aBae ta; of ( jIg 

•woloU; ait&etMpto 8S»s plotM wttti Im^ono 

jypli % ?» % C w %% ) * 

»ltttl»l. ««? g®l3^13i£ 

pilftttttt niife it<3« a/b • 0#i wai M 

wmmiX fwwMWJi#® fswfaijr 

lAtii w«ri«piii Bti «/b # i w® 3* 


BniiEiiaii iipaii 0^ mnm^pis mm 

Bufl^Ung iMli of mmomW plolo# 

11I.411 mt^kmrn i«it 

ilsioy }mMJIm looio »f g®iio»ol3^ «»tt«iifOp4o 
iiii laobiOii 



I •§ f f I O' I 




i 

of lOoti iCtaf 

% 

'll’ 

tilitli of i^tn ©I^atf |p«>oaln 

ftilolaxiitt of i^atn sliMg 

SlfTfl# 

Otti|»oMiii6 «f OimOmnnmiitii olopg 
x% f bm S OSfOOtiOllO* 

%1 %* % 

tIMUP idteg 3C||r| aoS n diftoiiooii* 

Cf II 1# 6> 

auMl nod 0mm nif&dwt OofioiO to 
n^itottoo A<»0* 


stoftto otlffiiMioi of 

^oriliotropto s^to Oof iiioS oa^ilM 

%t %f %i 

H^ii^ ooi fi4iitto« PMiKito mf tutil^ 
iPOftoft 

%* % 

toptooo toiiOi iNiatiillitl to « onO p 
OlmiotJumi pof 

%t % 

'Ptoto giitiiiPi 

B||J tiffin 

ftoatoPi onO toilAtof 

OoftooO to!iPitoii i#T 


IMO i»f ^ 

=i 

tototono yotiii 

f 

liioirtto ItoPit ttotiiti oo wM «»•• if 
lOyoto 

i 


n 

CSijiooJyi# fiMiMnni 

% 

tiMi 

fiUBI 

Cteff iiKiinOli iji iHiitotp mwmi0mu if 
l^to #iflii«tto^ 

♦ 

toito ifli^itoi^Nii^ 

1 

'totoi totomiiili ippilir «t ptoto 




Sif — 5y i- '■> -‘t ■ ■ - ' % ^Ll 'V?f ■' ■ ■ K ."K'' i 'i 


■:»(s^ i i^l^j^) ’1^ 

nmtui^ liitfili 

Q«ilmi miMM #f m&tftMswi^ ikm 
Wmm €^msi.^M^%$M fvmtAm 

Ck»ii0t^%ji tM tMM «iMi«tt«iii»iiriiii 
fi^atiiiai 



.n » i f 1 A C f 



AppNl 3 Gl»»t# A«||tstl 0 l| or tfel» ^irfOPIIlifAdl: 

p9^m%ptm of i^toiiiiw foloffilAl 1 


mmfm nPiMg m m mnSo Min pmooiiitxo* Bmi itevottow 


iM%$M fmm%Amm imm toon ixiM m ^Maoii^to 


W^WMt9MX% AJW 4 idCltoitJ>Mi 8 « * ^Piiii moM inAm iSi 

%Mm -fmimUmm mm ovmlimtoi mA (tto wKlottwHAt 


m^Hmm m otonAnoi tm i^wtol In noittv* aiiA mm mm to : . 
f litol 'too m i 0, of&titoS totoAl^ iM wN t 

pAMiiilitoi of itotoi oltn ASfiRtoto tototaoiftiiii «r #Iin^ 






mm Urn paitf ftipMlAii 

&t «K»spii8itioii mm . 

nsrnMd to tumiiooooii® &M toootii^ of tte 

voMltloi oittpdiiAfioatioo io iim asio%iii« fte poooiat 
Oof iopiiiotioiitoi tooiMiologyf tmmmoWf timi tlio 

itotlo moO Of iiMli} lioMoioo? of ovllsoiioiitt itvixilMfOi to 
ooolfooO loilf « iMlo oovtola aotoftolo IUbo mm 
oMoitopio %r ootoxOf o gKomt vo«lolf m toUt tif |3oto«» 

Mho osliibit ofUf foiol ottiiotvooioil^* iooli 

Hototiaii mm Oiflovoiii oMotio pyopoHloo In Miftmm 
OifooMoot# tliof mm mtwMir fOfpooSi* 

ooMf iMiioi of olOitio i^wnoMf • SO 'lui iwltiolvoito fSoto 
ooo of tlio floiiiNi of to foiolliil to tOO' i^Mooo or 

too |Mto» t fotloiagiiMo iilAto lo**8piotoil|r 
if tto iliOiMl OSO pofoMol to tOo'lMliEiOV too glMSkiil of 
iAoiPtto lOfiwotOf '|i, otliooiitoo tt to tomoiO oo ®^'OOOWPoMlf 
oviMitopi#** wMio m irnmmM noo^omUr wriMMiio 

I 'J ' ' '- ^ ■1'’*'' ' V y.' 

pSotiO mopo mmMm or tiMOii 

IWllliiOt 'm SoOO ooit OiO boon Ooili’tlk tOi oooo of 



plat®* 


142 s»«f Mrewiw ; 

a» fthmtim Pmhimt ; 

^ %mmmmm -Hhmtim al»fa<itafiitJU$i «if thin 
i®#iaiigi*la» platma mm ms& n&pwpta^ Sn : 

nm past* it}* 4w#iopa^ ti» fw tii® 

p^ltaatlal pt "imtiAlng ami (teplwsi! tt)# gwasmiist 

^Iffasaattal. #qiiftti©a l>e«td m Wm i®all iafSasttaa tMB 
plate tiioofsr* Kjpat soiatioas of tlio ^liffifoatlal #qiiiitl.OQ 

''TW' m^SfFWfw^SB^ . ■'^Pr ■ V*Ww »f wiir 4fi|p }■.■ 

1) all e4gas mm alusply stxppevM and 

IJ.:> a pttxf of owmit# aagei itsipl^ mppmtad nitli ; 
asiitsits^ liow^sy oo^ti«na at tba #tl»9 a^gas > 
CnatlNid af 

lAflniflciti {@) ai^imilttiite of ; 

iNftotaiigtilftp ii^tfai)4o !^t#»| stsl»|a4it«d iUfftiaiit mitiiia* 
tioiM of fma# MpiMlttad m olaspaS a^gat* li appUai ttit i 
mttnA* mpmmeM^$ ii» MlaitlMi If iotla^la | 
aliaittotafiatif Itaitiaisit iiitiJKff tMi i 

mmtUmrn^ IMs Mwavoft flaSia fwmemp^^ \ 

• . ■ ■ ■ ■ ■ 1 

uttoli %m t4gtef tHao iM aaset aalufift fi) | 

leklalgli Mts*f wmm ta tm vm pmmstmm iMiwnil 
fMNptMiai «r immmtM If 'imiiii m» Um 

mimmmviMUm Hwniaiaa m fmuMmt ta 

«ipNwtoi tiii Mflaotlaiit Mii»itt« iMit glfin 

I^ESSTtatSTiiSIiSSSiS’^ ^ 

mn ^ fmlm* ^ i 

♦•In tiiSf mimi^ tiio : 

wmi ta m wyitii taatgsr itT^ if ^ it* nwiiiws 

'^y -'V ' i 



CM) tii# ^ 

imUiiitfopie and te« mmMmmd at naasr 

jif«^liiatt8 af at^aan itatxdimtioci and- CtafavaattMn Btaima iB) 
ilia KK^a*a laif in it® naat 0tmwA fmm anS f®?# 
tt)® BvigmmBimm fm tte atiffn®®®#® ana af 

mmMmsAm platn® in an^ diiwiitiiiti lar mmeiimim 

tfaniinMatiaii* HnaiMn ana Mmm ff ) anttpaanS Urn daflattioii 








to fwm vitrifatioo of ®|tMlA2J,|r 

tiito S»3jtto#ft tim mumid of «ol«l4m iM %ppli,mh%» 

to ifiiii @xpmm$M%d oiini siai 

Miiofit 4p|»lli»attixa to p^too %/%Ui tlm foitoidi^ boimlcit^ 
mu gkmu i 


i) A potr of oppoo&to oSipd olopSgp mppm^ 'Oiai 

001^ di tlio foaoioiiiir e4|0« mSm 0«iS% iopiw^todi 

fWMim tlBMDd# i# filftJUOiio 

'VBr ’WP' ’IPW?' II' Ipp TSpr iWffWIfr ^ffleP1iPWfl|PwipiW ■ ■ ■ ■ 

ii) oU oifoo <^li«s»od otti 
lii) too oppoiAttt oUgot oloi^oO aoi tlit i»0Mii»ii^ 

yPPP:.:|| 




w ^ 


fmw ps^&UMl m»9m #itfifii« 
F^Mi iolnlklimi fm am <»sitl4»ftX 'lw»li niM 0ma 



mmm^ fm mtmm litiiNi tm^ m tui^ «iiit i*ilii 


Imtmimm hm mmmtm iiiitoi»t»»« : 

twilW»:tWIWII> ) lll t | M i ii<li l tl li <li l t l| WM W W ' l^ 

•iiitlMlffiif m mmm* 



»m& pemiUm tmte? 0ortaii-i iNsw^iSr amiiliiMi* 

Be li£ii ntf^sMI m tmUnd^ tii fMiiist twmsmm^ ckT naininl 
I'ibittttoeii fmm Urn evlttieel tec^Iii^ imA 
SMi8fa|ii3ii CMQ^ Mtolfetaii it| wiei tMi mmMm ^ 
evitAiiel tmm Wmk9 moA 

mi tJa ft twf . tai'fe’tJ.wff Hf 

■ ■ ^9|w Ij^wSW’wBPajP^ ■ ■^WP" ^flWI!r^WljrwPP'''^^fpi7P|)PB^fS^i5^^^, Iffip ‘'WW flJBw rPP ^pw 'WwT' ■ 

flU Ht t mll y pklelAie 'ligr oottlJiis Umi fii#l» * 11 # ^ tlii 




immiMm mm titltii « 

ii»ii^l^X So’ltjpfttiim Bmmmrn A ^mml tmwmaiMSm ^ ^ 
pmhlmm wm 0mild t»@ find ttse 

f«i»W»jMlns «kf wtni^ irl^sntloo m» mXl m Urn mwitXmt 
^eklMfs Xo^di Csliftity ®M &mml} #f tiii» 

wttli ftMtwijr tif mwUmWs^plnX^ nod "bmmiimvf 

mMMMim at tint ndpNi* 

fl)i» mimm pgwi&#iM is spi>liad to find ttm dM** 
^tSmiMmml twmpmx^ m& ins^tUfif pmimimm 

nf f##iai^ptliit orllMisnpis fists# Jwfitii tiNi 

f sdftt oniiSitta 

MX 
Mi) 

MX 
tX 


»M $im3^ 

'l OML ^iti ' Hfe [ ?f | % 'iififliWifflil iirlitt jgjfcjjSI alfe 

mm siii eifwisd m& Vm wmx fwm tmmMmm 


Uimci <3d,i 

' ...ilifaa ., '/■ .! ,.„HiU.','^ 


MMfXr mmpmtmi snd tin 


* «# atufrfNiif# sdmis inisMtiNl Mi 



mhwmu m IS 

mmmt mu Qmmsmpm nmm 

fUt •ipi&tiiiii atiS tut 

pl^tt mm ^9im€ -1^ iim fiHmtpllM of otolaos pmam 

tiol mmwm* ^ {Ugoxo i&«l| So to Mm tliio# 

Oiai» of oloiitio mmmtvff ooo oi tinM oogSos to Vm. pMM of 
tlM pSoto mm tM iMm» tm IfSo® ifi ito pSoDo^ m 

«ogl# 0 mMi tlio oS^#s« ioflooiSOQ tiMif of tMa 

fSiitfto i* tttSMioi So tilt utiicsi Si %oio0 00 mm mtlmo* 

iof o«8»ift4ooii« 

i« ' ftii^»iiio «r gioto So iipss mrnn to 

tti lotifOX aiMilliioaf# 


i« 3itf%j»«tloo of ' tM ioxittoi 

ootapftVM to tlio IMilsiofit of ttio i^tt# 

it wmUMmmf m&u»m iMoii $m ttit wiMiii«i€ ploto 
Hilo wniiS to mm:0M3m mmfmp wmmim iootlSJMii# ooi mwml 

"^'€0 tOo IkmmUL MtiJyHii iOOfOOli aam^ 

4« Nmul itioio m pSoato pupiiiol to ^ oliiAlo 
ioifiioo So ooiil Is sSts tsi mmmm f % imoI 

t *M tji Sto 

tMw Mww MHUvUtoai tiw dtqAMMMwU MW UmmOi’ 
•MalMI 4tt «IW MMmm* a Mm tba MUKB* MiafMNt MT tiM lOMa 







%|r ifmm 


f^it m0Mm§ im tti» ipN»lii3aj <i9iti 

Hi* if wt^Um ^ ^ ^ ^ 

%r pEHJtai • l|tt • aw® %i ♦ 








%t %i *%if % ^ mmm «• ^ 

ifi t*6* itoe«> ^ ^ • 

•mtlMi t# nCII ^ tiiiiM»yMi if murndm MmUflMt 



■ 

m) M 0 S 3 K X 9 ^ 

Cl) M j t 0 ^ ^ « ®' ' ^ 

CS) Bitimaf ^ ^ ♦ tf|gi i»qW Sw m 0 

1 ) 4 | 0 ||g «M|p>t f • Oy ^ 

CD ^ ® 

ta) Eittfe* * Sffi || .ow * « 0 



tMi mmSlti^n mm ^ %m 0m Um 

llMliail<|r wMitlHlllt 0t *lll» lint# m% tte INli»t« 

Wm a iiWN^WOr i^ata tin ^imi tcictiftjMiit l% 

aiai %g faiAtH -inii ti»i imMtii witiiitlM (itlil it 

iii.iiiiBiil...t.#tjyt auuma n/IA mAw ^ 

iiiii tPiWlliiBPp^pF^awW.iWwW*WIF''-iBff^^'yy^w ■ •IHW’ ™“' ' ' ' 4 



ftili' %M illfimilt to Mwd io wm% mmm ooi 

oiH&ot milWiMm mo Wmtm im mm wimsiSm ««IM« Pm Vm 
@oit of m ijotioolo m »pmiAX^ p^to a 31 odgoA 

tflufiljr Hii oqiiiticm m9 h@m mlm& CMT* t mA 3S>* . 

SiAot toSiilioci ttXm A pAif iMf #ii»» mo sljipli 

fm t l wi fff iftitiOA f wpiimiS)# Jto tl#i i iiitliiMS tlift 
ioflootloo i« mmmA to im 


*■ a 


. y hOH 


e#39 




tM« III tilt pftteat ttti^ mti ostliod It 


«itt4 tm tbttiii tppitadwtt® i©litt4*« t» tlst gtftfaiii® aiff«ip»rN 
ttol tfiiitim# fiiit atiiitt. nftt ttiti mmmmX pmfMmm 


lmm$ It) tpfillftd It It itttftpitt plnttif SMtsmlt^u awS 
C0) i^ttt tfiii 


nm lugiiiiaii CIO) tt tte &t oiPfclitiMSKlii ptaol fSitittt* ! 


■»a rm mmm& mm, mmm, 

ill tfltNiliii t itwlJN* I 

%|, i t nitl IMlIllim fW tlMI HiW t t IVdyOMI 1ESt§lla3MMm. It t I 

<u£(t ! 

wmi0^iM0ii p»Mm it it «itt mmnms^ %» tttii* 

rs f 

titiit In tivtMiti $M to ti^lt mUk t iptiiilAt ttlnilM# 

'iKii'^^r^ itiiii ifUl' Jiii, . iiiiyHl iii^iifftyilk liii^iftfi illMii'ili^ ^1 dH' lilt' iM-hif A '^irtru'itiiM ijllllliiw^- til iiir fiiifliiifiMtii ^^'"iiitili I'l^iii^ii' liii iriiV'iniliii^iiiii 

*(Ki ®iypiPp n^ywitt^diwsEi ibwi* 

iw^lillt tilt IMiMiiiiMMltt tttt *>**fc - tJuft jtitiiltJt iiiiMn»iiiiiii»w r 

CNttiitliMki OitMiit tB9% fiMiiiii tMt Itv iiPli iMMtttiv tonii!«> 
ti««Mi Wn mppmikmUm tir tiit ncMgii tlt« nMHii It mi 

• §m iNMyiiiJIlii iMMMtliitttt fteittitiii in wiit tiMliit* 

'MffUMi' tt fitHl ttMi tttiMi 'lit tMi' nar^i* 

tiiMi lii i #^ t iiiiiMttitti m ttt #H ii*ip# f» tc ftMtiiMi tt itiiiitPitf ‘ 

^ ■" .;V|h'' ' I 

tilt iMdMiMto iPt flit tittmteittf m§ m»km tf | 

immiMm im iint tut meMiMMt it iPliMit mm mi it; 



iMttCWii® HMtiNmsr te» t&tm mam In tl» intlM -in git 



»gi @i tn ttiiilM.«» III# p^tsntlal. emwg^ (V) &f Um p^t#* Tim 
¥ &t am piljtt# ma b0 mmmM m9 


¥ I 1%) # X ^ Cfflii % Cat) ♦•* 2#IB 

'ttlftl" ^ n I 

itmvn am tmmtaam % miti tm mMBgiMim** imuMmm I*** 

Omsr tmUtHy -am mpUfUMl (w m£3MiSm» tna 

sam& emi mUMs^' am mtnxmi mMSMmrn* M Wb mm nf 

0»i0» ^0i§mMb&4 mlnm of $3mp» bm Mim&iAm mmOLimio tin 
inruilolni toMMiVf miaMUom mad Uo imtmo of wmmmM mxSi mmf 
fowm oomfAMm- wm mtm^ ^ommfrnif omMMmmh i»l^t ommo^*i^ 

boundary conditions 

^ioiwtf om ^ niMtimd if mafmXjfmsfmbmm mm mtm 

■ , # 

mttMftiM If tin Aiiitmii imtMmrnm 





'Am smm Bwmwmu on asjl bikes 


Wwt' a sll. 


i^pljT thi isfl,®# 


Ttit0 iiitli[Srij»t iSm wmmtilM msMMmm 


Kt W 


■ '■IBPPIw'Wf^W’' ■^^WPlpPRW •wfF^ip ^wRWPQjSPlHpr;^ w ■■WSI*‘.iBi’ LI^WR! IfWl^WHP *fP' ^^IWIPIP?’ 




m jp m- 


i^ciKtita p « * ^ m g@t« slnpltfloatioiii 


iten-*** 




a jb 

y J ( ^ ^ ^m BJSILM Bill o y da: 


♦ 4 18® s® %e „ 


III® ti^ 


/ a r© 

/ mjUL GO® 

o y ^ ***** a 


f 4^ 


»1 *® 


/® rb 

4 •' O ® 


\® 4* ay 


» ^ a?®*® 


J .n, / a 


# ^ # 


°Bn •®" 


ftjuJ EJX ) ^ 

® 1 


♦ @ ll|||^ m w 


CTTOgju mm &.ir„ag iin ii..»...y 

J0 JW 1 » 


( 5 T %o ® mm m 0M B.m..w . ) iH* 43r 4 l>|g» # n W 

A P ««> / 


♦ rm r* 


a*' i 


p r 
J# /® 


> \ 1 ;^ il§yi a .a: 

mm i I fPiPl# -i^PPPI^giP^P^r 

■ . ■ ' . , . ■■■: ® , 


"7 . 

airtyj • 


mm.it •Mm fi...y y ^ 

• m 


2|p4 


@ii 

flPPrw" 





it 

asat a:ti it ati 


H 

*0 wi^ta m±w is mmm 
' a? ai-s it ttta 

f ht tuHTidteil aaa flMwmt *i.gi<iiti#s %| tm mo^ ©laelei af 
0Ftliai»o|3daity# # mm m atitaiaai fmw agnstiaai 2*7 aai A*9, 
fm ti» f*®# ptabloa C% « % • • O)# it it 

marnfAmt to vsitt tlit tot of otiaatioat ia tlit usstrlje l^tni 

[si {«] » * [i] {c}. «o ..♦ e.Bo 

''■ ^ A 

[it] idii m aiiafpiail. miMx ilioa 0 o Q ^ M tai im 
otiiit sijgioo it i9ill m stilly i^ianttrlo sat poii,tit« itHtiitt* 

tut ligoataliNit of {k] if4ii bo wml pmlWm mpmmni 

tlKi oKtiival fxo^miiioioo of ttoastorto wW& tlliiotiem of tbo pXoto 
flit ^oobi*0 ootlioi it um@> im toioi£^ tbt oiipoMiot pvobioii . 
fopNisoatoo 1^ it 0 ootiiot m iitioikiiiitiitiM tsr 

mitoottii^ votatliocti aoi ittSatiis to all tiptifootits ma/& 
tiftafuliitt fbit poooOafo eo.ciii»tt of iiKtiti«> 

plioatlMt If witilittif ifiiob mm tirt i ty i» foim to ooofiiattt 
ifoaiiOMMitioa iiitsioot tlt^ iolooioot topdykt nototloiii* flio 
mmmi^m MilAyliotlio mmiX% $m tlw gfoAoH ioofooto of tlit 
Oitioati ttiMi •! tilt oi^MO Of tio olf'-iltiociiti oioisixitt* 
liiiii fiotliir ttii oimtitt hmmm tMVOf :tot Oltpioti 

tofMi 1 ^ too ioioltilof m%i$M mm tiit ol 4 piooilMi''':i^^ 
mMmmm poOiot 'Of •oiA'lisii to tio mM. fbo motiiot 

to MiMMf oipiiloiiit^ to Mi too or ooittiii witiiioi 'woteg too 


£♦0 pwts MTO Ai»»*aA8f mummasr- co^omfiiia. 

» ptmim yitth bowa^tF ©©oaiitoeii at tisa 

M0»a m mn mmm . ■ ; , 

P <1 ' ■ ' 

CasiTft) • ^ :z % cje) % cr) ^ £.21 

sni'ttin' 

% aiaa In af# totb fiwtiaisa I.## tli^ 

tlm figid aaiaiitlaiia* Jto tint pmmvt mmlyBis 

Um *%!».» ®imfa«t#*l»tJLc fbaiitl^asw vm ««@d far tl»i® ltiattti©ia»* 
fl)@a@ tlw acMai aaSaa of of iiall!Of»| loag 

Bm Bleisa&t immrn flam tKt mm m&^ m $ma%$mi» fot 

l»0Uit« ifilwKtioa pfobloni bjr iiWfiil pnnious aatlriota wi^iftoo <2} 
aiHl loiaai Ct) aiMia tun fw imvmp$» i^toi aoi iimmxi C@) ana 
ana ivliiiimna (9) fo2 fpoolAlljr oiNyMn^ ptatao* 
Vmm fumttoiiii bocMiit of Vmt» ^ ilynia 

to an osti 'isMisr of tHi lotomio vmoisoa fot tbo 
fmt omoio bowifit«|' meMUmm mm nlovaUiM m& tiasuliiMl bf 
imm C^lt otiwY i4Bi»ip%i« finatiiia f»t ^ 

•fttao^ldo ^to for M. ooaOttloai mm nolmtoi ooi 

toiHiSotiNl to too wmmmt 

Cl^as^^otollftilllii ViMMiyiooiii 

fimo fooilloiii mm olrMooi fun mm o^MHoa tto 
atfxnpoxiliol. ofootioo gomMloi tiw tniiiinorio «ar m 

iiilfOffi iMiit 'tm §mm^ of iiioio ihmuMMm I# lor 

, V ' ; 'l.r , ^ ‘ , 

K« • a*)* If, X « I om ,i^« >.«' V tmnk t^m * r *•• 
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4) ; 


0^^ HH t/t ) 2tim 

Ml HMim 

0t # M 

m 

02 • ^ ^ ■ ♦** 

Tfwvft limttttMis Bim mtii^ tut inMiMii# 

f#23»»8»0t4ia Bf «fi|j&M0£ii t«it asiS UtM it m iifiiiB 4^9 iimm 
immit m#»i %«<»(«« Iftl 

ibiift fmmUmrn t&t ^ te 
2«E1 Urn ivM ^ ^ irUiPitMti itatii witli ft»f 

MiiiixftMoii tKf iswif wmmt^ ^ is^mp»4 titpi «io %m» •Jipwiisd 
M l#99» tlH» iinteemi C|p^ liaittfMIxiMiiit t*iiiii 

mfmMmm t«0 ©ni i*i0f ^ ^ ft»ii 

MiiiMllriiir uMai Him fuMwiMg astMliiii 
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twl X ^ 

V» fwm ifiliimtim f^tOaci C% • % • » 0) ttm 

S «30 mn Itt la tlm f^tm 

[k 1 {c} • X® [l] {c} *»• 

Tt)a MUte [ic] la ftijil aai irfc»tf|ic»aiiva'<if ' 

%m taiuMSf at Hb #iisai af tte plata* flii ©ig^a- 

mim ^ tiie' aii©f@ Awtlim ©£A %!# t# 

Inlaid <»f iribf«^tl«ia ©f tlM* plat® ) 

fot ai^ lK>a»lai^ ©©tMUtlaiia at tlxi @d@aaf aafle ^ 

Ct) m>& HA© (l|* 


s«i jraBumi m mmmm mmmm pmm 

fim mfMml m3m$ gr fmmm apiiiai li» tli© MMm pamni 
'ttf Hi© at wMii^ fist iom ckt i^psilitvtni iMNiim u^itaai© 
tiii tiMi plat® t© ©8^1® ©aa Im MmuIiiMI If 




plMmm ^ fm»§m m»i0» mUM tci iKilw iM 

%$Mi mm Cl?| mm wm^ tiiJUi te ftoA urn mlUml 

ttiiat Um mmH laiitlioil %& fi»W« 




of t4a@' iaplJiad tiii« attijoa m» ^tao^ hf vmM 

onO ill) to find tte mliAmt tokllof S^oodo of 


Of ti'iOteO' ft ite 11 ^1 , ot# 11#. 


i| % nsritoi tlai tm% tliot ma&m mw^iM 
eooiit4ofi«> tuo mm ^hwmsm pmhlmm mm mxdtmf 

Bocwlifigr f«lno tlxi io^to of mm mm 'iMi oHijyioO if 

tuo foiKtlts of tilt otHtf mm tvoilt^S^# t%t ontilotl twilEiiog 
load pmmmaimm m® lm smmi rmm tm mtmmi tmmmov 
uttittt %f tottoYilt oooMiilMf tDi» tiooioif 9m %o tloti% 



•too So tin mtm mt mmmrnmprn nitii il]it% aotttmiis 
oifti imm 0 (|EiitJMti i»l!7« JPsor tOt vSinwISMi liiiNlMi in tin 
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> ^ tij® 


n ^ m® # #/ f»3r til® pi?*0(bli@ii# 


M cmMkL mmimm wm^ 

M ttm pmmw^ |ii«ms 9&91N* 

ia»t«v» #r JUMis tMtt 

ttm fOKtM W iifiiiliiiviiitt ^ rnppwmim^ iNHnttoii 

t<» tkm {ilHMillli4 'y!M pg^n^fiilli 

Brilrttoiiii fcHsaHnili mmwa tlw Blit 

Immi fti* wmi m i^M.®i|liiii' fMitdiiM 




PmimXUp^imW [®] ' 

[aKCJ*. [l]Cci ii® [A] • [®] [il 

A Kf ® fwil. miHx Mi l%§ niownitoi* 

MfMiwiit Hi# offttleal huMUU^u Ixpiit 'f^ iifrtff<0Oi sMMlii 9i 

iefonattei of tl#' i»liit#« mmmitsff ttit’ iMtii ifttloal 

looi 4s of 4iil(Ofi«% sai is l|r fioAtot tlii Isirgsst 

♦igSIBPlJttMS of [il *^ « [l]'*^ Li^ 


m msmukmam*- 

’ mw mimmm ikm, mAim t lui^ | |itift| . l ;i #| , iM .«aiiJ>Lii!tit iJ| MBSWi 

ft IHiMiNitiNi ftft SkOBnWBM tiiiia.ji«iii liM^ MMlUyil 

■ ' ww IWW'WII^ ^Wffijafflg WW TP^W^lrWF’ wpi' ^PWffiWillwaBp^^BPP^ J'iWSWP’sP" ii!l|Hip4llil! J 'lilSil. ' ' ^^|ply*~ “’^'IWr' » wriiSiS|i^gl!llK»fp^ ■TOWP . . . ■ 

%» f^MiM im ttn ifUiMr two «%si| 





g) mm $mm Buppomsp at Mtz sjm&t rm mtmmx tm* 

^mM& «if a iMa wmw^0Mt’ : 

&v^ 0 impg<B plMtM mm «al«tilatai ^ sk mtvim ^ 

pmWMm ^ mimiSm 2*B0« atv ; : 

m mpM Plata fPB? itilah Um ii|a«tl4i pmpeaN I 

tlAi tm J^|/ aoi 4«SI3f fte Hi^ldltias : 

%!.» I^f mk mm fmm 4«t m$ I 

f«7f Vm mXmmwkit af tlni mtiix K mm mmXmWSi fwm •qpiatl.imi | 
taldfif p • f • 4 ik» «ld» iiitla* C%*1>l ^ ai^Ias af I 

avti'nitfppiaitr C#|# Wm tua «p»alallp pffiiiatffapia Bmm Ci««« / I 

t • 0^ av i#| 1 in ft li X li iljiiaaai axtpix aai tlpi , §mmmtXs^ \ 

*m t^K^ lum. vAik isllit# imst fftitoy * Mi.1l.iM» it #1 * #| tlltt QititetXCiaia i 

"' . ■., " ''■■ .'.. I 

txittt mxMiMm B|g ^ %i panttiMMi tl» i4f»i|iipi^ timi* ' | 

WBnB&9&Pm. trlia dtxaottl tanxi ## ♦ Xsstmsi liMKi aontfMHi ta audl ^ 

tM Militii lx iwil and wifrnmkMisim tm aiipiifftlMii if i iita tiviiliiii* | 

. . , ■ . ■ ■■ ■■ ■■ , ■■ '■ ■ ■■■■I 

txi If tm kumkk mtinii* IBa piMM4lMiMlim fwiipM^ piwiivixv 
Xm i Hi # # #/ ir^ l4 rnlrnlMm im W0 Iliii mmmm 

mkm «r t Hwittftiif flxi* «»#»« ai« i^mttxiriiii If ii and ii Ctn 

'•4i«itimi itHI iiialJli^'iwpwim^ ttia mAmw if ^If Wti iMk | 

10 mm %M i^m mmm k$mm Wk m mm W ii4f*4ll.fttlf • I 

UMi immmm^ 9i ttiv itstti nix i«»^« mm 0fm 'iM ] 

l4%ix 4 mm «»«timi'iiii iiiiiMi 'tagy^i if ; 




applM fm mixiv sfiglAs of ^ tlit t«Mi 

and X^ m 2«.I3« Tli» of Urn MVIm m 

Wm tw&w^m^ of tiis» i/m moi@m i m m 1$ n m t ond a # 3,| ti • &> 

i« oiioirn in f ignfo B« Tlit dww^iioo oiih tte 

ineMOii of tdio olio fotio i«m o Mill m3m^ ottoiiii o liJitBiiii. 
m m iMTtioiilAif m/h mtio tsid i:;o3P«oiMi m o Hmm miM 9oto« 
tut voloft of tbo sliei ootio of vtnoii tiKi fto^ioto^ ii 
dopiiiii opm tlw Mdo idioiio tte aoglii of Ofti^ii«opiisi%r oisii tlio 
oimt^o pwjpofiioo of ti» |iiito« ftmm $ itioot tut nofiotioii of 
tlii f»i<itioiii^ iKf fifft HaNio oodoi' i» o If a • If '» « It m 0 
mid It o tf 0 • H ultti tOi mB0m of oriitolfoitiiilf Mr iM 
fotloo «r 0f«f B#o oos Sftf iw o«Miii ooM tti» fio«oooor 

c, . ^ ■ ' / 

immmm wb m0» of it 

■ ffbtm %m mmm ooSio fof tiNi i dia ii iio fiotiitoiior 

ooiiii^ oi 0 oftliii atw 
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mm^ ^ tmrnmmm itmmWm 0 o ^liolo mitloiod 
mm loni tOinm ft PMUr mt omiMIt* olnoo it osOoi# 
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wml mwA Ttm ii 

MiMNi BI3I0 am fmqmm^ pammimwM mm mtmmAM mm 
iMhlM $ tm mMmm a$m aisgltt tsf mm 

#4|{@ XMlii« Figttw 4 iMfM ®f am ia^Mm m 

tilt' of immmmm iriliimtioii* f li» m^mm of tm^w»s 

mxh tim Oe^poogm of tiso tonillo % 9 m (mt 
Umtmm of Mopeosaiiiro lm&) um Mm mmm&prnm^ 

iiig to mm tmqwumy is tiis statio 3m4s of tlis 

pillllO* 

ii) mm ¥OT 4i®»riiA« mmmm cmt>mm &9 

W» tmwimmmB' of tmrnmvm vOmtMm of tliio vmMm 
ftilot flAto oltli ovtiitfOi^ mfMtl&m ot tot ofo 

fm^oS M ioM&t tlii ttifOOfOXo# vopioosoioi o^ostion 

tim isMioriMtl m%m» of am iotogfoio ipoq^tti^ to 
oipattoo ofo iotoiiBiiioO ^ iotogtottoii of tlso %«ioi m&mmm* 
iftttto itmotlooi* i^io ommmMwtmAM fmmtimm Mm mpmunmm 
tlii 004# iteiMNl of Sitiii sli^ot teias siililoolii' to tioiiiyovio 
fm itffootat iwniiidioyF oootttliioi oiNi ilimi to toiiio 
I.o.^ iofioooatii tlii wi4o iom rnmmw m ivilf onvoa into 

too IfOaiilv A HWOiiOillL tOtOfiOttOtt poiMNii*# iioti^ 
tM "WNNiii JwlogMt^ to litttiooo to ovsiMw dJi wm 
implio4 ioloiPiti* flio mm9$ml ioioitts mm liWMitii to 
to^lO' t h oii o|« 9m taAmgmM f 0^^^^ 0^ 'in ooi 

mm tm% mpmrnM to tioo litMiotttOi 

mmmm am J 4® mio f it wmm 

tiiMiliiM If it| tm otoisiiii » fioo mm 







UMlii ^ Ipnefiilljr 

mm fm tin f&iNit ttoOf 

i 

tiMidyiai^ #f%i3dl(i<^^ mm n^n mXm€ % Wmmmm i%} niKlag 
tii» aittiMl fmw Vmlm rnmmumh&v ptetMi lumrs^ mmrnm 

■■■■■' I 

imtm fmm @«$l mm mrnmwm iiltb %Xmm ^ I 

imm till tmm mm^mi if mumi for ^ 

•pMiiifciJif #&«# &»•« ytmm in# ms^ i • tca^# I 
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pmmut iMm ttiiui C^oif tin tsMf af 0«S^) 

^mn eittmd* tM9 iodiMtn# ttei tin . 

ipidifimitido of tm S01MI lapmoi tin 

oostoxfiiio# t# tin tamo mlm twm tin Mgslnt niM» \ 

iibljr* lo 0 tin firit fiiio fimqiioiaoino «f ttotlUNnt 

plot# oHoinoi ftm OQtaattoQ ofo ‘tdtii tiimei %' | 

Souoyolitlm 01 ^ Mtjtimnsta ( 0 ) for tin mm # « ©• Tim < 
mlwm in mi&imim t opp^ir to ino® toon tofeoIntiNS • 

tin fiuidaiinMA fxo^oooor fm si<S# m%%m o*® ooi 2*o tnolot 

110013 MttoO# oon^flficio M imSm aftor tm mwmm 1 

t 

tioii anS mtiioo oloool^ir* tibti is to Oo os^otoO | 

m&m tin #<piotio»s s«30 lootoo oinotlf sosn ot tins® osoO in ; 
miQsmm 9 lor soilos of ortiiotiopMtf of o or io^* fm ! 
o/O lO'tio Hits pMitiisHf m of foot oo tin fMtasiitiiX | 

ffopsm^ of ol^tioo of o sfiooislii^ ort^iotfoplo oftotsiovot I 
^iot ' lisftoa ftt) mpoito o ^MAoir lnMri«9 of o snotoiiiii* I 

Mr IssNEJoi^tt iMiUi* 

■ Sftt. ■ '. . ‘ 

tHi lOiiSHiisntoi fmqmme^ m rlOrittfm to i^lottoi I 

Ofitoit im m00 of oitMtlopM in fifttrt @ ooi 0 lot' 

*lii tout* |o/0| 0«i| S«0f aoS i«0 Ml MKIowi looniitr 
oMlItteiff# fO* fticioooot of olioipoi « olAHrti iMn roteooi 
tjMr iootMii mt tm «Qpa of inoinitojii^ttf O' fot a Mit 
ratio of o»ii mmm* for otymt ratioft it ooMsiniiiM tuo oooo 
i^to lof Ml Mg^ft f ti^oor «of Ml rMto tan 

tooMOLf M ftiooiwolos of mim aoi mo oimi iMi apti for Muj 
OA MitiPi aai' ooao oimot^ ao tuo ptMi it' .taMiiit 



all mm sl:gq;% ati-pf^aapMli mm te 
^t^mnaa fmm •qtwtI.oB 2«i3 ts^ aaliriiif ilia attmipmSini 

aigaiwsltio p*®bl«8s* 


a) iFiilaaclal IW Imdclia^ mmUktw mmpm^ \ 

9'itm Ixiplai^ tm^ m a palJ* of m^^gm tim mM^grnmtm ; 

pmhlBm Ij mm in 3«'i CJt)» tlia am mtMx ; 

If »m fmm/Si fmm mqmtimm S«30 ^ puttinf « % « Rug • 0« tli» 
MtvlJK K ta fonnR to l»a aoal anS if notvia ani tlii #i®»ffiraliii»a ; 

afo iMcii>filiii4 tiilnf tlxi lattMl* tlii {MpRIaaosioiitil ^ 

cfitioal tmd pmmmtmm (% • l>^ i|/ # | aft 

avaXiuxtiiR fmw pIfiooR plato far wMMi 1%^/ ^ « 9«0if i 

Bgge/ a 0i4Pi mm % 9 i«iis a 3# mU w»m fiiitlit for I 
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.Ctifi# muiMiMxlim w %g>« ^ tar^ittiPtJKio 

tetet M t&m mvim® fm tfe® #»flcs«ti9i!i fiiiiefl4« imd £» 

03ipicto4 to gii;# tettay ttotse JWfsiIts J3*«> 

ijiti; ii»«i «sf !i»a fmwmn in V^Wj» b fnst a 'iNsts&f® piMt0 
nm a»0 foniiiil t0 !» iu eilnm to flmm 7 tto# 

istBiwi© 1W4 U |5tott@d ■ a^Ssti Hm a/l» 

«mtto far ^anmia aii^a af artiiatfopiaitjr* tetmtimir it : 

rlMtor ta ttoi irf" apauiaiiy aruiotra^© ptolw at iwii«wta4' : 

m® |3.7)t iw 3i»«r faini® <if «M® rsttoa tte fimi rn&m i 

g&w® tim ©totosm aritiiiBi teaklias toa4 ^oi o« */h mtin \ 

}m^ai mvintn irali^ {iMimtM a -SlalE to tlw | 

&mm) til® iwaa-nil mA® g$m tli® otoima toii4« tli® i 

. i 

angl# af attoatraptoilf altort Hi® aliiima littifliiif toaii aii4 
ill®' totstii^m tii klj^f atofsg tte cwmit tarlitto M/h 
m%im ilii aiiaiiiiifit to ^Ing ® af t atHar tlian # at ' 
©0^ tor imwmiAm hw miMmt miHdUiig 3 mi to ato«yto i 

to fipip® f# : , , ■ . ■ , : I 

! 

III Wi 0 mM, Wimk%Mn§$ vim utojuiai Mtitoiil mmmI itoMi ; 
pnwitoi to ftosst® m mm mmmiiM Miiitoito to ««tiit | 

to^tltoi af a iliia mitoaiEiliir ©tiMiiW toiwtotoi® i^toi I 

itMEi to ill toMaatoi to Mltoin immiI f i pai iiMi|jyi& ^ 

[ 

to ito '»Nirto m to* to* *to*tf i* iatomtoti fv** | 

'*<p*lli»« a«iii» ft* atontoif ^ ito' iiitoto I. mm mmmmmami ! 

imm mmmUmn- i«ii to *itito%i* imiwm to % towitoi I 

t %i * to fto liitoili f to *•*% toi toMiiito ani' to* | 

'4toM**lMM* i* ii ' toteiiiliiili to to* JMiMMIto ■iii # i t*H l * fto 'iMiiiiJii 
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^ @Q il» Ivtoi , 

mii'&Mmm a waxsair liind iim Cl^) 

ai»mii9«« a 9 $mA 3 mw imMviiam of iMOimpim mmw 

directions, | 

#%# tmdit la im Tht Haft la figitx# t 

4 m^mupG^Q/ilm ^ ^ w&^& a • Ii a • t mat& « n i| a t i ttf» i 

m% 'i^mtilikal ultli mf^mnm to tfeia % Huai % narni | 

far tte immiailm mm msm a ti^mmiisy 4^i« fm tumm ; 

, r 

mmw lElailiiV' nsMteatt > 


4) luafelli ni' Qaittf fA ttiiff t ' Ttaa wtr i lffOT iiliMty ' 


»3mg liMi «4fiMi <if m tiyyi »Ns^i^l«r wiQaliiNl %» mnm 
Mattliag mm m 4»4#mliii»4 tmm mmMmM i#|i Itr fiiliia® 


^ % 4k % • fiMi toiMNil ysliia it %| iiS»IUili <|iiiiif ilx» | 
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IhcmI* tto EiiiiQriiteal cilrtaliiti t&if tlsfi 

plfite sif<@ ®iam M ioiblii iif 7iid mmXis-&m cmpataiiti iei.iabJMi 

ID wm %imm 0 f ovioii mm iimmmn ( 3 B) ii» mm Wtm a/h 
9 1*0 aM am f&mrn to b© ©Im® @g»®©wnt» 0 rnmm-tim 1 

of tbo rnmar baoicSlia® lo®^ C***^ a&i mm:) nitto tM 
ai3lll» of @rtli©t»o|idoi%* 

U) WA®? ¥mi AiBrmw: »OT»aer c«©m .. 

Mr o plati Ai^otto^ to boitodafsp oiMufitloaf 

' ' '' ' ^ ■ i 

9% tte o<igoii tl0 wSkX^mm ovttlool lo@4 If fmmA W . i 

‘t ’" '■ , , . I 

ooliriof ti»i at 0 mmlm pmhimm mpmmurnA bsr •qoiiMoo «I#M« ! 

,. ..-luv, ' ■ ' ' .[ 

tM® i« a mmml fotCR ^ urn ali^oMoo iifoblMt ^ lisidam i 
oigonomlii# of tM WtttiiJc [l] t [d] glffo tbo 

ttioten imiMloi loaf# flifiO io Momiiiof bf toldi^ tli» lufotio | 
of Hm liofgoot m tbi iofoftoi wtfiat i [a] 9 

A |pii09il ««i 9 i|Wf. 9 tot poogffom In warn to ooaltiiito tUf oAonoiilo of ; 
'iiatilooi K » 0 m& A aoO to fotofilMi tbi lonpiA i 

A ' •! an itofotim ppcMoAiio*. fti» iMWtftel I 

voiiioi^ of tm laiiiiiMiw loiiOo f&m& to tMo pmmmm mm 
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